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2011;	  Umbel,	  Pearson,	  Fernández,	  &	  Oller,	  1992).	  However,	  bilingual	  children	  do	  not	  seem	  to	  systematically	  learn	  or	  avoid	  translation	  equivalents,	  as	  the	  proportion	  of	  translation	  equivalents	  known	  by	  bilingual	  children	  is	  equivalent	  to	  what	  would	  be	  expected	  by	  chance	  (i.e.	  the	  average	  overlap	  found	  in	  the	  single-­‐language	  lexicons	  of	  two	  randomly	  selected	  children;	  Pearson	  et	  al.,	  1995).	  	  Because	  bilingual	  children’s	  knowledge	  of	  translation	  equivalents	  is	  both	  highly	  variable	  and	  unsystematic,	  bilingual	  children	  provide	  a	  natural	  experiment	  for	  investigating	  the	  role	  of	  a	  one-­‐to-­‐one	  lexicon	  structure	  in	  the	  development	  of	  disambiguation.	  The	  lexicon	  structure	  hypothesis	  predicts	  that	  individual	  bilingual	  children	  who	  know	  many	  translation	  equivalents	  will	  not	  show	  disambiguation	  at	  the	  same	  age	  as	  those	  individual	  bilingual	  children	  who	  know	  few	  translation	  equivalents.	  Further,	  it	  predicts	  that	  bilingual	  children	  who	  know	  few	  translation	  equivalents	  will	  show	  disambiguation	  from	  the	  same	  age	  as	  monolinguals.	  	  Only	  two	  studies	  to	  date	  have	  reported	  data	  that	  pertain	  to	  the	  relationship	  between	  bilinguals’	  use	  of	  disambiguation	  and	  their	  knowledge	  of	  translation	  equivalents,	  with	  somewhat	  equivocal	  results.	  Houston-­‐Price	  and	  colleagues	  (2010)	  reported	  a	  non-­‐significant	  negative	  correlation	  between	  the	  number	  of	  translation	  equivalents	  bilinguals	  knew	  and	  their	  performance	  on	  a	  disambiguation	  task	  (r(19)	  =	  -­‐.29,	  p	  =	  .23).	  Frank	  and	  Poulin-­‐Dubois	  (2002)	  tested	  children	  on	  a	  task	  related	  to	  disambiguation,	  their	  willingness	  to	  learn	  two	  labels	  for	  the	  same	  object.	  They	  also	  found	  a	  non-­‐significant	  trend	  for	  the	  children	  who	  knew	  the	  fewest	  translation	  equivalents	  to	  be	  the	  most	  likely	  to	  avoid	  mapping	  two	  labels	  to	  the	  same	  object	  (27-­‐month-­‐olds:	  r(24)=	  -­‐.27,	  p	  =	  .18;	  35-­‐month-­‐olds:	  








a	  one-­‐to-­‐one	  mapping	  system	  supports	  the	  development	  of	  disambiguation,	  while	  experience	  with	  language	  as	  a	  many-­‐to-­‐one	  mapping	  system	  does	  not.	  
Methods	  
Participants	  	   A	  total	  of	  20	  (12	  female)	  bilingual	  infants	  learning	  English	  and	  Chinese	  (either	  Cantonese	  or	  Mandarin)	  were	  included	  in	  the	  study,	  with	  a	  mean	  age	  of	  17m27d	  (range:	  17m17d	  to	  18m12d).	  Eight	  additional	  infants	  were	  tested	  but	  excluded	  from	  the	  analyses	  because	  the	  infant	  was	  too	  restless	  or	  inattentive	  to	  complete	  the	  study	  (4),	  because	  the	  infant	  had	  a	  major	  health	  concern	  (2),	  or	  because	  the	  infant	  was	  not	  reported	  to	  understand	  any	  of	  the	  familiar	  English	  words	  used	  in	  the	  study	  (2).	  Infants	  were	  primarily	  recruited	  by	  approaching	  new	  parents	  at	  a	  maternity	  hospital	  in	  Vancouver,	  Canada,	  at	  the	  time	  of	  the	  infant’s	  birth.	  




the	  average	  participant	  heard	  their	  dominant	  language	  60.5%	  of	  the	  time	  and	  the	  other	  language	  39.5%	  of	  the	  time.	  
Materials	  




and	  dìdi	  for	  younger	  brother.	  Thus,	  if	  the	  child	  knew	  the	  English	  word	  brother	  and	  the	  Mandarin	  words	  gēge	  and	  dìdi,	  these	  three	  words	  counted	  as	  two	  pairs	  because	  they	  lexicalize	  two	  different	  concepts.	  A	  total	  of	  297	  English-­‐Cantonese	  pairs	  and	  294	  English-­‐Mandarin	  pairs	  were	  identified.	  	  




translations	  ranged	  from	  94-­‐100%	  of	  infants.	  Therefore,	  the	  vast	  majority	  of	  infants	  were	  reported	  to	  understand	  the	  test	  words	  in	  both	  English	  (the	  language	  of	  testing)	  and	  in	  Chinese.	  
Apparatus.	  	   Data	  were	  collected	  using	  a	  Tobii	  1750	  eye	  tracking	  system,	  consisting	  of	  a	  17”	  LCD	  monitor	  for	  the	  presentation	  of	  visual	  stimuli	  with	  a	  built-­‐in	  eye	  tracking	  camera	  that	  sampled	  at	  a	  rate	  of	  50	  Hz	  using	  a	  corneal	  reflection	  technique.	  Auditory	  stimuli	  were	  presented	  via	  computer	  speakers	  located	  behind	  a	  black	  cardboard	  panel,	  on	  either	  side	  of	  the	  eye	  tracker.	  A	  PC	  computer	  running	  the	  Tobii	  Clearview	  software	  program	  both	  controlled	  the	  stimulus	  presentation	  and	  collected	  the	  eye	  tracking	  data.	  	  




silence	  on	  the	  monitor,	  yielding	  a	  total	  duration	  of	  9.5	  seconds.	  After	  the	  test	  phase	  of	  the	  trial	  was	  completed,	  the	  unlabeled	  object	  disappeared,	  while	  the	  labeled	  object	  moved	  around	  on	  the	  monitor	  for	  2	  seconds	  with	  accompanying	  music.	  Previous	  studies	  of	  word	  comprehension	  have	  suggested	  that	  such	  visual	  feedback	  is	  effective	  to	  maintain	  infant	  engagement	  in	  the	  task	  (Killing	  &	  Bishop,	  2008).	  The	  results	  of	  past	  studies	  using	  the	  same	  paradigm	  have	  found	  no	  evidence	  that	  this	  reinforcement	  drives	  infants’	  performance	  on	  the	  task	  (Byers-­‐Heinlein	  &	  Werker,	  2009;	  Halberda,	  2003).	  Infants	  were	  presented	  with	  24	  test	  trials,	  in	  four	  blocks	  of	  six	  trials	  per	  block.	  The	  first	  and	  third	  blocks	  consisted	  of	  known	  vs.	  known	  trials	  (ball-­‐car),	  while	  the	  second	  and	  fourth	  blocks	  consisted	  of	  known	  vs.	  novel	  trials	  (shoe-­‐nil).	  Each	  object	  was	  labeled	  on	  half	  of	  the	  trials	  in	  which	  it	  appeared,	  thus	  a	  total	  of	  six	  times.	  Trials	  where	  the	  familiar	  object	  was	  named	  were	  called	  familiar	  label	  trials	  and	  trials	  where	  the	  novel	  object	  was	  named	  were	  called	  disambiguation	  trials.	  Eight	  stimulus	  orders	  were	  created	  to	  counterbalance	  side	  and	  order	  of	  presentation	  across	  infants,	  however	  the	  configuration	  of	  objects	  (e.g.	  ball	  on	  left,	  car	  on	  right)	  was	  constant	  for	  each	  infant.	  A	  central	  circular	  attention-­‐getter	  was	  presented	  between	  trials	  to	  reorient	  infants	  to	  the	  screen.	  The	  total	  duration	  of	  the	  study	  was	  approximately	  7	  minutes.	  	   Infant	  eye-­‐gaze	  data	  were	  collected	  by	  the	  eye	  tracker,	  and	  each	  data	  point	  was	  classified	  as	  a	  look	  towards	  the	  left	  side	  object,	  a	  look	  towards	  the	  right	  side	  object,	  or	  failure	  to	  look	  towards	  either	  object.	  Parents	  completed	  the	  questionnaires	  following	  the	  experimental	  session.	  
Results	  




vocabularies	  were	  calculated	  by	  counting	  the	  number	  of	  words	  the	  child	  was	  reported	  to	  understand	  and	  say	  on	  the	  corresponding	  forms.	  Total	  vocabulary	  was	  calculated	  by	  summing	  the	  words	  the	  child	  knew	  in	  English	  and	  in	  Chinese.	  The	  percentage	  of	  infants’	  vocabularies	  that	  constituted	  translation	  equivalents	  was	  calculated	  by	  taking	  the	  total	  number	  of	  words	  for	  which	  the	  infant	  knew	  a	  translation	  equivalent	  (each	  word	  in	  a	  pair	  such	  as	  dog	  and	  gǒu	  was	  counted	  separately),	  and	  dividing	  by	  the	  total	  vocabulary	  size	  (see	  also	  De	  Houwer	  et	  al.,	  2006;	  Pearson	  et	  al.,	  1995	  for	  alternate	  methods	  of	  quantifying	  translation	  equivalents).	  All	  infants	  had	  at	  least	  some	  translation	  equivalents	  in	  their	  comprehension	  vocabularies,	  and	  all	  but	  two	  had	  translation	  equivalents	  in	  their	  productive	  vocabularies.	  The	  total	  conceptual	  vocabulary	  was	  calculated	  as	  the	  total	  vocabulary	  minus	  the	  number	  of	  redundant	  words	  whose	  meaning	  was	  captured	  by	  its	  translation	  equivalent,	  providing	  an	  index	  of	  the	  number	  of	  meanings	  lexicalized	  by	  the	  infant	  (Pearson	  et	  al.,	  1993).	  	  Thus	  if	  the	  infant	  knew	  both	  dog	  and	  its	  translation	  gǒu,	  this	  would	  count	  for	  only	  one	  concept.	  	  Relationships	  amongst	  vocabulary	  measures	  were	  examined.	  There	  was	  a	  significant	  correlation	  between	  English	  comprehension	  and	  English	  production,	  r(14)	  =	  .69,	  




	  	  Table	  1	  	  
Infants’	  Vocabulary	  Means,	  Standard	  Deviations,	  and	  Ranges	  in	  both	  Comprehension	  and	  
Production	  Across	  Several	  Measures.	  Missing	  data	  were	  excluded	  listwise	  
English	  vocabulary	  
Comprehension	   	   Production	  Mean	  (SD)	   Range	   Mean	  (SD)	   Range	  144	  (76)	   26-­‐255	   	   36	  (29)	   3-­‐109	  Chinese	  vocabulary	   198	  (71)	   67-­‐287	   	   26	  (26)	   0-­‐101	  Total	  vocabulary	   341	  (112)	   165-­‐496	   	   61	  (47)	   5-­‐155	  Total	  conceptual	  vocabulary	   260	  (68)	   140-­‐351	   	   53	  (40)	   5-­‐132	  %	  words	  with	  a	  known	  translation	  equivalent	  	   46	  (14)	   17-­‐66	   	   26	  (17)	   0-­‐71	  
	  




than	  1	  out	  of	  the	  3	  seconds	  were	  excluded	  from	  the	  calculation.	  Infants	  tended	  to	  show	  more	  interest	  during	  baseline	  to	  the	  familiar	  objects	  as	  opposed	  to	  the	  novel	  object,	  t(19)	  =	  3.00,	  p	  =	  .007,	  d	  =	  .67,	  a	  pattern	  reported	  in	  numerous	  previous	  studies	  that	  have	  used	  similar	  paradigms	  (e.g.	  Byers-­‐Heinlein	  &	  Werker,	  2009;	  Mather	  &	  Plunkett,	  2009;	  Schafer,	  Plunkett,	  &	  Harris,	  1999;	  White	  &	  Morgan,	  2008).	  Thus,	  to	  control	  for	  inherent	  baseline	  preferences	  as	  in	  previous	  work	  (e.g.	  Byers-­‐Heinlein	  &	  Werker,	  2009;	  Halberda,	  2003;	  White	  &	  Morgan,	  2008),	  all	  subsequent	  analyses	  were	  conducted	  with	  difference	  scores,	  which	  subtracted	  infants’	  individual	  baseline	  preference	  from	  the	  proportion	  of	  time	  they	  looked	  at	  the	  target	  object	  after	  labeling.	  A	  positive	  difference	  score	  therefore	  indicated	  increased	  looking	  at	  the	  target	  object	  after	  labeling.	  	   Familiar	  label	  trials	  were	  analyzed	  first.	  A	  preliminary	  between-­‐subjects	  ANOVA	  showed	  that	  infants’	  performance	  on	  familiar	  label	  trials	  did	  not	  vary	  as	  a	  function	  of	  object,	  




Relationship	  of	  Performance	  to	  Knowledge	  of	  Translation	  Equivalents	  The	  main	  hypothesis	  was	  that	  infants’	  use	  of	  disambiguation	  would	  be	  related	  to	  their	  knowledge	  of	  translation	  equivalents.	  We	  focused	  on	  comprehension	  of	  translation	  equivalents,	  rather	  than	  production	  of	  translation	  equivalents,	  because	  comprehension	  indexes	  all	  of	  the	  words	  for	  which	  infants	  have	  a	  lexical	  representation.	  Three	  predictions	  were	  tested:	  1)	  infants	  who	  knew	  the	  smallest	  proportion	  of	  translation	  equivalents	  would	  show	  the	  best	  performance	  on	  disambiguation	  trials,	  2)	  knowledge	  of	  translation	  equivalents	  would	  not	  be	  related	  to	  performance	  on	  familiar	  label	  trials,	  and	  3)	  performance	  on	  novel	  label	  trials	  would	  not	  be	  related	  to	  any	  other	  individual	  variable	  (e.g.	  vocabulary	  size,	  percent	  exposure	  to	  English).	  	  Pearson	  correlations	  were	  computed	  between	  infants’	  performance	  on	  both	  disambiguation	  and	  familiar	  label	  trials,	  and	  all	  individual	  variables	  related	  to	  vocabulary	  size	  and	  language	  exposure	  (see	  Table	  2	  for	  the	  correlations	  discussed	  below;	  a	  complete	  table	  of	  correlations	  between	  these	  variables	  is	  available	  in	  the	  online	  supplementary	  materials).	  Correlations	  were	  tested	  for	  statistical	  significance	  both	  using	  the	  traditional	  parametric	  technique	  for	  computing	  p-­‐values,	  and	  also	  using	  an	  empirical	  bootstrapping	  technique	  for	  computing	  95%	  confidence	  intervals.	  The	  latter	  were	  computed	  using	  the	  boot	  function	  in	  the	  R	  statistical	  package	  (Canty	  &	  Ripley,	  2011;	  Davison	  &	  Hinkley,	  1997)	  with	  1000	  bootstrap	  replicates	  per	  correlation.	  As	  predicted,	  a	  significant	  negative	  correlation	  indicated	  that	  bilingual	  infants	  who	  knew	  a	  smaller	  percentage	  of	  translation	  equivalents	  showed	  significantly	  better	  performance	  on	  disambiguation	  trials,	  r(14)	  =	  -­‐.55,	  









Correlations	  Between	  Language	  Measures	  in	  Comprehension	  Vocabulary	  and	  Performance	  on	  
Disambiguation	  and	  Familiar	  Label	  Trials	  	   Familiar	  label	  trial	  performance	   Disambiguation	  trial	  performance	  	   Pearson’s	  r	   Bootstrapped	  95%	  CI	   Pearson’s	  r	   Bootstrapped	  95%	  CI	  %	  Translation	  equivalents	   .24	   [-­‐.46,	  .66]	  	   -­‐.55*	   [-­‐.81,	  -­‐.14]	  English	  comprehension	   .36	   [-­‐.31,	  .76]	   -­‐.17	   [-­‐.67,	  .34]	  Chinese	  comprehension	  	   .11	   [-­‐.31,	  .48]	   -­‐.31	   [-­‐.63,	  .38]	  Total	  comprehension	   .31	   [-­‐.14,	  .67]	   -­‐.31	   [-­‐.65,	  .085]	  Total	  conceptual	  comprehension	   .32	   [-­‐.10,	  .66]	   -­‐.22	   [-­‐.59,	  .16]	  %	  English	  exposure	   .33	   [-­‐.02,	  .64]	   -­‐.09	   [-­‐.56,	  .43]	  Balance	  score	   .24	   [-­‐.30,	  .70]	   -­‐.12	   [-­‐.59,	  .42]	  
Note:	  Bootstrapped	  95%	  confidence	  intervals	  showed	  the	  same	  results	  as	  parametrically-­‐derived	  p-­‐values.	  




As	  a	  further	  test	  of	  the	  main	  hypothesis,	  data	  were	  analyzed	  following	  a	  median	  split	  of	  the	  proportion	  of	  translation	  equivalents	  known	  by	  each	  infant.	  A	  low-­‐overlap	  group	  of	  8	  infants	  was	  reported	  to	  know	  translation	  equivalents	  for	  less	  than	  50%1	  of	  their	  vocabularies	  (M	  =	  34%),	  and	  a	  high-­‐overlap	  group	  of	  8	  infants	  knew	  translation	  equivalents	  for	  50%	  or	  more	  of	  their	  vocabularies	  (M	  =	  58%).	  As	  predicted,	  on	  disambiguation	  trials,	  the	  low-­‐overlap	  group	  was	  significantly	  more	  likely	  to	  disambiguate	  the	  novel	  label	  than	  the	  high-­‐overlap	  group,	  t(14)	  =	  3.52,	  p	  =	  .003,	  d	  =	  .18,	  one-­‐tailed	  (these	  data	  are	  plotted	  in	  Figure	  1).	  Infants	  in	  the	  low-­‐overlap	  group	  successfully	  disambiguated	  the	  novel	  label	  by	  increasing	  looking	  at	  the	  novel	  object,	  M	  =	  .26,	  SD	  =	  .18,	  t(7)	  =	  3.89,	  p	  =	  .003,	  d	  =	  1.44,	  one-­‐tailed.	  The	  infants	  in	  the	  high-­‐overlap	  group	  did	  not	  show	  disambiguation	  as	  they	  somewhat	  decreased	  attention	  to	  the	  novel	  object	  upon	  hearing	  the	  novel	  label,	  M	  =	  -­‐.17,	  SD	  =	  .29,	  t(7)	  =	  -­‐1.68,	  ns,	  one-­‐tailed.	  Seven	  out	  of	  8	  infants	  in	  the	  low-­‐overlap	  group	  had	  a	  positive	  difference	  score	  indicating	  disambiguation,	  while	  only	  3	  out	  of	  8	  infants	  in	  the	  high-­‐overlap	  group	  showed	  disambiguation.	  This	  difference	  was	  statistically	  significant	  in	  a	  chi-­‐squared	  test,	  χ2(1,	  N	  =	  16)	  =	  4.27,	  p	  =	  .039.	  





Figure	  1	  .	  Bilinguals’	  average	  performance	  on	  disambiguation	  label	  trials,	  and	  as	  a	  function	  of	  overlap	  group.	  Longer	  looking	  to	  the	  novel	  object	  (higher	  proportion)	  suggests	  use	  of	  disambiguation.	  T-­‐tests	  are	  one-­‐tailed.	  Error	  bars	  represent	  the	  standard	  error	  of	  the	  mean.	  
















first	  develop	  at	  this	  age,	  then	  demonstrated	  differences	  between	  monolinguals	  and	  bilinguals	  support	  the	  position	  that	  the	  learning	  of	  one-­‐to-­‐one	  mappings	  is	  important	  during	  the	  initial	  development	  of	  disambiguation.	  Yet,	  there	  are	  some	  hints	  of	  early	  precursors	  to	  disambiguation	  in	  children	  who	  are	  less	  than	  a	  year	  old	  (Dewar	  &	  Xu,	  2007;	  Mather	  &	  Plunkett,	  2010;	  Xu,	  Cote,	  &	  Baker,	  2005).	  At	  the	  same	  time,	  these	  results	  have	  been	  difficult	  to	  reconcile	  with	  other	  studies	  in	  which	  1-­‐	  and	  1.5-­‐year-­‐olds	  are	  unsuccessful	  in	  disambiguation	  tasks	  (Halberda,	  2003;	  Bion	  et	  al.,	  2013).	  If	  it	  is	  eventually	  confirmed	  that	  infants	  younger	  than	  17-­‐18	  months	  do	  show	  disambiguation,	  it	  would	  be	  essential	  to	  compare	  monolingual	  and	  bilingual	  infants	  younger	  than	  17-­‐18	  months	  to	  investigate	  whether	  these	  groups	  also	  differ	  at	  earlier	  ages.	  The	  lexicon	  structure	  hypothesis	  is	  not	  the	  first	  developmental	  account	  of	  disambiguation	  to	  emphasize	  the	  role	  of	  early	  word	  learning.	  In	  their	  novel-­‐name-­‐nameless-­‐category	  (N3C)	  account,	  Mervis	  and	  Bertrand	  (1994)	  put	  forward	  the	  notion	  that	  disambiguation	  develops	  when	  children	  have	  the	  insight	  that	  each	  object	  has	  a	  name.	  Under	  N3C,	  children’s	  seek	  out	  a	  “novel	  name”	  when	  they	  see	  an	  object	  that	  exemplifies	  a	  “nameless	  category”.	  However,	  N3C	  is	  not	  consistent	  with	  the	  current	  results.	  The	  N3C	  account	  predicts	  that	  just	  like	  monolinguals,	  bilinguals	  should	  develop	  disambiguation	  as	  their	  vocabularies	  grow,	  because	  encountering	  multiple	  labels	  for	  each	  object	  does	  not	  negate	  the	  notion	  that	  each	  object	  should	  have	  a	  name.	  Thus,	  N3C	  would	  predict	  individual	  differences	  amongst	  bilinguals	  as	  a	  function	  of	  their	  vocabulary	  size,	  but	  not	  as	  a	  function	  of	  their	  knowledge	  of	  translation	  equivalents.	  	  








the	  organization	  of	  the	  bilingual	  lexicon),	  an	  explicit	  understanding	  that	  they	  are	  learning	  two	  languages	  emerges	  in	  bilingual	  children	  (see	  Genesee,	  Nicoladis,	  &	  Paradis,	  1995;	  Genesee,	  Boivin,	  &	  Nicoladis,	  1996,	  for	  evidence	  of	  pragmatic	  differentiation	  of	  their	  two	  languages	  by	  bilingual	  toddlers).	  At	  this	  point,	  the	  structure	  of	  their	  dual	  lexicon	  might	  support	  the	  use	  of	  disambiguation	  appropriately	  within	  a	  language,	  and	  may	  even	  help	  bilingual	  children	  actively	  seek	  translation	  equivalents	  for	  words	  they	  already	  know	  and	  to	  learn	  new	  words	  (see	  Poulin-­‐Dubois,	  Bialystok,	  Blaye,	  Polonia,	  &	  Yott,	  2013,	  for	  work	  relating	  knowledge	  of	  translation	  equivalents	  to	  speed	  of	  lexical	  access	  in	  bilingual	  toddlers).	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